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(54) Chemical composition for mercury-free metal halide lamps 



(57) Rare-earth halides are shown to be a replace- 
ment for scandium halides in mercury-free discharge 
arc lamps if modifications are made to the prior art lamp 
design and operating temperatures. The inventive 
chemical compositions of the discharge medium pro- 
vide enhanced color rendition index values. In addition, 
it has been unexpectedly determined that during the op- 



eration of the discharge lamps, the rare earth iodides do 
not react significantly with the fused silica arc tube. 
Equally as significant, any free iodine, which is so 
formed, has minimal impact on the efficacy of the lamp 
compared to the conventional scandium iodide lamps. 
Therefore, the rare earth iodide-containing lamps pro- 
vide longer lifetime with superior illumination character- 
istics than conventional discharge lamps. 
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Description 

[0001] This application claims priority from Provision- 
al Application No. 60/129,195, filed 04/14/99. 

FIELD OF INVENTION 

[0002] This invention relates to mercury -free metal 
halide arc discharge lamps, and, more particularly to the 
use of rare earth iodides as a replacement for scandium 
iodide in low-wattage, mercury-free arc discharge lamps 
in order to provide improved photometric and electrical 
characteristics. 

BACKGROUND OF THE INVENTION 

[0003] The metal halide lamp is an improvement to 
the mercury lamp. In addition to mercury and noble gas, 
the lamp also contains salts of elements that emit de- 
sired radiation. Designers specify metal halide lamps in 
high power applications such as streetlights and high 
bay illumination. But more and more metal halides are 
being designed for lower power applications as lamp 
and system technology improves. 
[0004] Sodium/scandium chemistry is well known as 
an emitter of visible light. Indeed, it is the preferred 
chemistry for most of the metal halide type of lamps 
manufactured for general illumination in the United 
States today. Its primary asset is initial efficacy. With so- 
dium/scandium chemistry, the larger lamp types easily 
produce over 100 lumens per watt (LPW). Another ad- 
vantage is the correlated color temperature (CCT). A 
range of CCT from 3000 Kelvin to 5000 Kelvin is readily 
obtained by varying the sodium to scandium ratio. 
[0005] The disadvantage of this system, however, is 
a poor color rendering index (CRI), Typically, sodium/ 
scandium lamps produce light with a CRI of only 65 Ra. 
Although this value allows their use for street lighting in 
the United States, other countries, especially in Europe, 
prefer significantly higher CRI values. 
[0006] A more serious disadvantage of the sodium/ 
scandium chemistry arises from the reaction of the 
scandium with the silica in the envelope wall. This reac- 
tion progresses more rapidly above approximately 800° 
C. Unfortunately, for standard mercury-metal halide 
lamps, this is below the temperature at which significant 
vaporization of the chemicals occurs and the tempera- 
ture at which the lamp would begin to produce extraor- 
dinary performance characteristics. Consequently, 
lamp engineers sacrifice some performance in order to 
keep the temperature low and prolong life. 
[0007] One of the reaction products is scandium sili- 
cate; the other is excess free-iodine. Excess free iodine 
reduces the efficacy of the sodium/scandium lamps; it 
increases the required voltage, and affects the CCT and 
the CRI. In sodium/scandium lamps containing mercury, 
the scandium-silica reaction with the ensuing excess 
free iodine contributes to early lumen maintenance fail- 



ure, a major problem with commercially available sodi- 
um/scandium metal halides. In mercury-free lamps, the 
free iodine not only reduces the efficacy of the lamp but 
constricts the arc, thus raising the lamp voltage and in- 
creasing the "crest factor", or re-ignition voltage. 
[0008] In addition to the desire to avoid the problems 
of sodium/scandium lamp chemistry and to improve in- 
herent lamp characteristics such as CCT and CRL and 
to improve efficacies, there are concomitant desires to 
reduce manufacturing costs, and to eliminate toxic ma- 
terials from the metal halide discharge lamps. In this re- 
gard there is much effort to eliminate mercury from the 
lamp chemistry. 

[0009] The removal of mercury from arc lamps is not 
an easy goal since mercury is an ideal arc medium. It is 
a liquid with a low vapor pressure at room temperature. 
Thus, it is easy to strike and sustain an arc. At operating 
temperatures, however, the mercury is completely va- 
porized and the pressure becomes quite high. The volt- 
age across the lamp increases to the point where cost 
effective, efficient power supplies can be designed to 
drive the lamp. 

[0010] Several metal halide lamp technologies do not 
use mercury in the arc tube. However, previous attempts 
at mercury-free lighting systems have been plagued 
with poor efficiency, poor color, poor life, and have been 
restricted to horizontal operating conditions. One such 
technology uses an arc discharge tube without elec- 
trodes and is driven by microwave or radio frequency 
energy. This technology requires a microwave source 
and a means to couple the energy to the arc tube. Gen- 
erally, the arc tube must be in close proximity to the 
wave-guides used as the means of coupling. 
[0011] Another mercury-free metal halide technology 
uses a pulsed ballast source to operate the arc dis- 
charge tube. This technology requires an arc tube with 
electrodes at opposing ends and a power source that 
generates narrow pulses across the anode and cath- 
ode. Light is emitted during the pulse phase; so the pow- 
er supply must generate repetitive pulse to achieve the 
perception of constant light. One patent describing this 
technology is U.S. Patent Number4,874,988 issued Oc- 
tober 17, 1989 and assigned to the assignee of the in- 
stant invention. 

[0012] Another mercury-free technology is taught in 
U.S. Patent Number 4,757,236 which teaches a mercu- 
ry-free sodium lamp using an alumina arc tube and xe- 
non buffer gas to achieve high luminous efficiency. The 
patent does not teach or suggest any arc tube materials 
otherthan alumina. This patent also teaches using high 
xenon pressure as a buffer gas to achieve reduced wall 
reactions. It describes the need for additional starting 
requirements for such a design. This patent also disclos- 
es a second metal halide in combination with sodium 
iodide. 

[0013] The present invention addresses the deficien- 
cies discussed hereinabove. Apparent to those skilled 
in the art is that many of these parameters are depend- 
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ent on one another or related to yet other variables. In 
some cases the parameters may actually be inversely 
related. Therefore, it has been very difficult to create a 
system for all characteristics. In these cases, improving 
even one parameter while not degrading any others is 5 
a significant step forward in the art. 

DISCLOSURE OF THE INVENTION 

[0014] It is, therefore, an object of the invention to ob- 
viate the disadvantages of the prior art. 
[001 5] Yet another object is to provide a discharge arc 
lamp with improved color rendition index values. 
[0016] Another object of the present invention is to 
provide an arc medium composition that is less reactive 
with the arc tube and the electrodes. 
[0017] Still another object of the current invention is 
to provide a discharge arc lamp with a colortemperature 
and color rendition index that remain constant over the 
life of the lamp. 

[001 8] Yet another object of the current invention is to 
provide a discharge arc lamp whose efficacy, measured 
in lumens per watt, degrades little over the lifetime of 
the lamp. 

[0019] Additionally, an object of the instant invention 
is to provide a discharge arc lamp that is more environ- 
mentally acceptable by removing mercury from the arc 
medium. 

[0020] Furthermore, an object of the invention is to 
provide a discharge lamp that is unlikely to burst by 
maintaining a low pressure within the arc discharge 
tube. 

[0021] Yet another object of the present invention is 
to provide a lamp manufacturing process and arc chem- 
istry that are both inexpensive and reliable. 
[0022] The present invention is an outcome of the de- 
sire to improve upon the known deficiencies of the in- 
dustry-standard sodium/scandium discharge arc lamp 
technology. Specif ically : it is known that this arc compo- 
sition suffers from two rather specific deficiencies: a low 
color rendition index (CRI) value of approximately Ra65; 
and a composition that is inherently reactive with the 
glass arc tube. In theformer case : the low CRI precludes 
selling the lamps for certain applications in certain local- 
ities, such as in Europe where CRI values must be ex- 
ceed 80 before commercial success can be achieved. 
In the latter case, photometric and efficiency character- 
istics change dramatically over the lifetime of the lamp. 
[0023] A second desire is to eliminate hazardous and 
environmentally unacceptable components from the 
lamp discharge medium. As evidenced from the patents 
cited supra : the industry has long had the goal of remov- 
ing mercury from the arc medium. This desire has 
proved problematic since mercury plays an important 
part in lamp operation and a beneficial role in lamp pho- 
tometric quality and overall efficiency. Indeed, studies 
have shown that the efficiency characteristics of the so- 
dium/scandium are made significantly worse when mer- 



cury is removed from the arc medium since operating 
voltages fall off significantly. In the absence of mercury, 
lamps become difficult to start and require alternative 
technologies to compensate for the loss in the voltage 
gradient. Furthermore, at reasonable amperage, the 
power into the lamp is insufficient to raise the envelope 
temperature high enough to vaporize the salts. One 
method to increase the voltage and the power is by in- 
creasing the pressure of a noble gas in the arc medium. 
However, this makes the lamp difficult, if not impossible 
to start. 

[0024] In the present invention, the decrease in volt- 
age gradient caused by the removal of mercury is par- 
tially compensated by modifying the aspect ratio of the 
lamp design (see copending application S.N. 09/ , (At- 
torney docket no. 98-1-311 IP, filed concurrently here- 
with). The aspect ratio is defined as the distance be- 
tween the two electrodes in the arc tube divided by the 
diameter of the arc lube. For acceptable voltage gradi- 
ents, the aspect ratio should be about 5:1 but values up 
to 15:1 still provide adequate results. When this lamp 
design is utilized with the standard sodium/scandium io- 
dide discharge medium, the lamp performs acceptably, 
except that the CRI values are still unacceptably low. It 
has now unexpectedly been found that the replacement 
of scandium iodide with one or more rare earth iodides 
can still yield acceptable efficacies and can provide for 
increased CRI values and allow for additional benefits 
such as stable photometric values during the useful life 
of the lamp. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] A complete understanding of the present in- 
vention may be obtained by reference to the accompa- 
nying drawings, when considered in conjunction with the 
subsequent detailed description, in which: 

FIG. 1 illustrates a schematic representation of the 
discharge arc lamp of the present invention. 
FIG. 2 illustrates a schematic representation of the 
discharge arc lamp, further containing an outer 
jacket, of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0026] For a better understanding of the present in- 
vention, together with other and further objects, advan- 
tages and capabilities thereof, reference is made to the 
following disclosure and appended claims taken in con- 
junction with the above-described drawings. 
[0027] The present invention comprises a combina- 
tion of modifications to the chemistry of the arc medium 
and the lamp design. When these changes are per- 
formed, a metal halide discharge lamp is obtained that 
surpasses known current technology. Specifically, the 
lamp provides light having a color corrected tempera- 
ture of between 3500 and 4500 K, and a color rendition 
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index greater than 80. Furthermore, the lamp can have 
an efficacy of more than 100 lumens per watt (LPW). 
Additionally, the inventive lamps are more stable over 
their useful lifetime. 

[0028] The discharge arc lamps of the present inven- 
tion are of similar construction to prior art metal halide 
lamps except that they require an aspect ratio of be- 
tween about 5:1 and about 15:1. Refer to FIG. 1 for a 
schematic representation of arc lamp 100 ( the first em- 
bodiment of the present invention. The electrode 16 
composition can be of tungsten. The electrodes 16 are 
part of a sealed arc tube wall 1 4 that comprises a glass 
material. Typically, the glass is a fused silica but other 
materials may also be acceptable. These include borat- 
ed silica or polycrystalline alumina. The dimensions of 
a typical glass arc tube as depicted in FIG. 1 are 80 mm 
in length from electrode 16a to electrode 16b, but can 
vary from about 50 mm to about 150 mm. The diameter 
of the arc tube lamp 1 00 typically is 6 mm to 8 mm but 
can vary from about 5 mm to about 13 mm, so long as 
the required aspect ratio is maintained. 
[0029] The sealed arc tube lamp 100 comprising the 
two electrodes 1 6a and 1 6b is optionally enclosed within 
a second sealed container 22 having electrical leads 
20a and 20b that Connect the electrodes 1 6a and 1 6b 
to an external electrical supply. Referring to FIG. 2 this 
combination represents a second embodiment of the 
present invention and is depicted as arc tube lamp 200. 
The second sealed container 22 can either be evacuat- 
ed or filled with a gas. In order to prevent loss of heat 
from the arc tube 1 4, it is preferred that the second con- 
tainer 22 be evacuated. In general, an evacuated outer 
jacket or container 22 allows the lamp 200 to have high- 
er efficacy at lower powers. Preferred gases include air, 
nitrogen, and other gases that have low thermal con- 
ductivity values. 

[0030] The arc medium is contained within the sealed 
arc tube 14. The medium is composed of a minimum of 
two components. The first component comprises vola- 
tile salts selected from the rare earth halides, alkali met- 
al halides, and thallium iodide. The rare earth halides 
are defined as the halides of element number 57 to el- 
ement number 71 , namely lanthanum halide through 
and including lutetium halide. Halide salts are salts com- 
prising anions from Group 7A elements of the Periodic 
Chart, the most preferred being the iodide ton. The most 
preferred rare earth halides are dysprosium Iriiodide, 
holmium triiodide, thallium triiodide and thulium triio- 
dide. The alkali metal halides are salts comprising 
Group 1 A elements and Group 7A elements. The Group 
1 A elements useful within this invention are lithium, so- 
dium, potassium, rubidium and cesium. The preferred 
Group 1 A elements are lithium, sodium and cesium. The 
most preferred Group 1 A element is sodium. The halide 
salt of the Group 1 A element that is most preferred is 
the iodide. Thallium iodide is included to balance the 
spectral output. 

[0031] The weight ratio of these halide salts can be 
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varied to obtain specific color corrected temperatures, 
but typically the rare earth halides are in a weight ratio 
of 2 to 3 compared to the alkali metal halides and 1 to 
0.75 compared to thallium iodide. Within the mixture of 

5 rare earth halides, typically the halides are maintained 
at equal weights, but ratios between any two rare earth 
halides can vary from 1 to 3. The halide salts, typically 
weighing from 5 mg to 40 mg. are added to the arc tube 
prior to sealing. A preferred amount of total halide salts 

10 is approximately 25 mg for an arc tube of dimensions 
80 mm by 8 mm. A preferred arc medium composition 
is where the alkali metal halides comprise sodium iodide 
and the rare earth halides comprise dyprosium iodide, 
holmium iodide, thulium iodide, and thallium iodide in 

15 the molar ratio of 6:1:1:1:0.76 (Na/Dy/Ho/Tm/TI) re- 
spectively 

[0032] To assist in igniting the arc the medium con- 
tains a second component. This material is typically an 
inert buffer gas such as helium, neon, argon, krypton or 

20 xenon . Xenon is preferred from among these inert gases 
because it provides, the highest efficacy. However, 
above a certain pressure the buffer gas increases the 
starting voltage making the lamp difficult to ignite. For 
the present invention, the amount of buffer gas istypi- 

25 cally less than 500 Torr. It has been observed that be- 
tween 100 and 300 Torr xenon, efficacy increases only 
by 1 LPW. This small increase does not warrant the 
starting difficulties encountered at the higher pressures. 
The preferred amount of buffer gas is less than 150 Torr 

30 and most preferred is less than 50 Torr. For reasons that 
are at this time not well understood; the optimal amount 
of xenon for the rare earth/sodium halide mercury-free 
composition is significantly less than is required for the 
scandium/sodium halide composition. The benefit of 

35 this observation is that lamps of low pressure can be 
utilized without impacting photometric or electrical prop- 
erties, while providing lamps that start more easily. 
[0033] A third component optionally incorporated into 
the arc medium of the present invention is a getter ma- 

^o terial. Getters are known in the art to react with or con- 
sume unwanted volatile contaminants. In this case a 
getter can be added to assist in combining with excess 
free iodine. 

[0034] Iodine is liberated in the heat at the arc and by 
45 reaction with the envelope wall. It is derived from the 
halide salts. Excess amounts of iodine cause deleteri- 
ous effects, one in particular being re-ignition voltage. 
This problem can be so severe that the lamp will self 
extinguish, at which time the purple color of free, gase- 
so ous iodine can be observed in the arc tube. Although 
the lamp can be re-ignited, this event produces irrevers- 
ible damage to the lamp, causing a 30% or more loss of 
efficacy. 

[0035] In the present invention the getter can combine 
55 with the excess iodine and prevent high re-ignition volt- 
age. For prior art scandium/sodium halide lamps getters 
actually decrease efficacy by up to 30%. By removing 
the excess iodine, the getter allows scandium to attack 
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the glass wall 1 4, producing solid scandium silicate and 
gaseous silicon tetraiodide. The silicon tetraiodide in 
turn reacts with the electrodes to produce tungsten sili- 
cide and more free iodine. The reaction proceeds until 
all of the getter is completely consumed. Common get- 
ters used in prior art discharge arc lamps are scandium, 
indium, and cesium; all can be utilized in the current in- 
vention. Indium is a preferred getter for iodine since it 
does not react with the glass arc envelope 1 4. The need 
for getters in the present invention is less critical than 
with prior art discharge arc lamps. 
[0036] The replacement of scandium iodide with the 
rare earth iodides requires higher envelope tempera- 
tures to operate the lamp. For the inventive lamps, en- 
velope temperatures of 900° to 1100° C are required 
due to the lower vapor pressures of rare earth iodides. 
Below 800° C , very little rare earth chemical reaches the 
arc stream. 

[0037] In an experiment, the power to the lamp was 
increased so that the envelope temperature rose above 
1150°C. The lamp suffered irreversible damage. Sub- 
sequent operation at 400 watts then revealed that a 35 
volt increase in voltage from 105 to 140 volts and a 10 
LPW decrease in efficacy from 90 to 80 LPW was ob- 
served. Considering the abuse inflicted on the inventive 
lamp, the degradation observed is small compared to 
similar prior art scandium/sodium lamps. The lamp ex- 
hibited a small area of devitrification extending from. 2 
cm from the base end electrode. Rare-earth silicate was 
found in these regions. Rare earth silicates are formed 
by reaction of the rare-earth iodides, with the fused silica 
glass. 

[0038] A second reaction product is iodine. At viable 
power levels, excess iodine can add 50 to 70 volts to 
the arc tube drop. With rare-earth chemistries operating 
at temperatures that produce attractive performance, 
the iodine is produced by reversible dissociation of the 
vaporized rare-earth iodide salts. When the lamp cools, 
the salts recombine. With scandium/sodium chemistries 
of the prior art lamps, operating at temperatures that al- 
so produce attractive performance, the iodine is pro- 
duced not only by reversible dissociation but also by ir- 
reversible reaction of the scandium iodide with the fused 
silica wall. This produces excess free iodine. 
[0039] When operated within the range of 300 watts 
to 500 watts, the arc lamps of the current invention pro- 
vide the following attractive performance measures: 
>80 LPW, 4000K CCT, >80 Ra, and >120 volts with es- 
sentially no degradation of these values over the lifetime 
of the lamp. Additionally, the lamps can be restarted re- 
peatedly and yield the same performance. 

COMPARATIVE EXAMPLE 1 

[0040] An arc tube 1 4 of 8 mm bore diameter and 80 
mm length and having two electrodes 16a and 16b at 
the opposing ends, was filled with 40 mg of a mixture of 
iodides comprising 19.6 weight % Dyl3, 19.6 weight % 
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Hol3, 19.6 weight % Tml3, 32.2 weight % Nal and 9 
weight % T1 13. Additionally, the tube 1 4 was pressurized 
with 150 Torr xenon and then sealed. The power was 
raised to 1 50 watts, generating an arc tube temperature 
5 of below 900° C. Under these conditions the efficacy of 
lamp 1 00 was 64 LPW. The CCT ranged upwards from 
5200 Kelvin and the CRIs were typically less than 60Ra. 

WORKING EXAMPLE 1 

w 

[0041] The arc lamp 200 with a vacuum jacket 22 as 
described in Comparative Example 1 was ignited using 
a power of 330 watts (approximately 4.0 amps). The cur- 
rent was then increased to 4.5 amperes and the voltage 

is stabilized at about 150 volts and 670 watts. The current 
was then reduced to 3.5 amperes and then finally 
brought to 4.0 amperes. Upon shutoff and cool down the 
purple color of iodine was observed in the arc tube and 
a small streak of "devitrification" extended 2 cm from the 

20 base end electrode. The lamp 200 was reignited to a 
power of 400 watts . The data indicate that the resistance 
of the lamp had more than doubled from its initial value 
(22 ohm to 56 ohm). None-the-less, graphs of voltage v 
power indicated that the lamp had stabilized and yielded 

25 rep eatable data (at powers less than 400 watts). Prior 
to shutdown, at 4.0 amps the arc tube temperature 
ranged from 900° C at the dome end to 1150° C over 
the salt pool 1 8 at the base end. The lamp exhibited ef- 
ficacy exceeding 90 LPW prior to running the lamp at 

30 670 watts. This value decreased to 80 LPW afterwards. 
This degradation (approximately 11%) in efficiency is an 
improvement over the 30-40% degradation observed 
when the scandium/sodium medium was tested under 
similar conditions. 

35 

WORKING EXAMPLE 2 

[0042] A similar lamp configuration to that of Working 
Example 1 was used, except the bore diameter was 7 

40 mm. The lamp chemistry was exactly the same as in 
Working Example 1. In this series of experiments, the 
lamp power was maintained below 440 watts (24 watts/ 
cm 2 ) and 3.1 amps. The temperature under these con- 
ditions reached 1057° C under the salt pool at the base 

45 end. Similar to the 8 mm bore lamp, the voltage in- 
creased rapidly to 175 volts as the current was in- 
creased from 3.0 to 3.1 amperes. At this point the tem- 
perature of the salt pool 18 increased from 954° C to 
1057° C. The efficacy increased to 99 LPW, and the CRI 

50 reached 81 Ra. Upon shutoff and cool down, the purple 
color of gaseous iodine was observed in the arc tube. 
Unlike the 8 mm bore lamp in working Example 1 , this 
7 mm lamp suffered no permanent change in its per- 
formance measurements as a result of operating at 440 

55 watts (1 057 C). 
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WORKING EXAMPLE 3 

[0043] Four lamps 200 as described in Working Ex- 
ample 1 were prepared. Two contained the rare-earth 
halide medium as described in Working Example 1 while 
the other two contained the scandium/sodium/cesium 
halide chemistry having a molar ratio of 1:11:0,03. All 
lamps contained 40 mg of halides and 150 Torr xenon. 
One of each chemistry was further doped with 10 mg 
iodine. The lamps were subjected to a range of power 
from 200 to about 500 watts and their efficiencies were 
measured. The rare-earth halide lamps with iodine ex- 
hibited an efficacy falloff of approximately 30 LPW com- 
pared to type, while the scandium halide lamps exhibit- 
ed a 50 LPW falloff. The color correction temperatures 
were also measured. The results show only a small 
change for the rare-earth pair but for the iodine-contain- 
ing scandium chemistry the CCT reached temperatures 
above 7000 K, 

WORKING EXAMPLE 4 

[0044] Modeling experiments using the rare-earth 
chemistry described in Working Example 1 and various 
bore sizes up to 1 0 mm bore arc tubes 1 4 and up to 500 
Torr xenon buffer gas were investigated. The results in- 
dicate that efficacy approaches 100 LPW at powers of 
400 watts. Efficacy decreases with bore size. In these 
experiments, 7 mm bore emerged as a good design pa- 
rameter. Efficacy decreases with xenon pressure. The 
data indicate that 150 Torr xenon is the preferred pres- 
sure; however, later experiments indicate that a lower 
pressure on the order of 50 mm is yet a better choice. 
Color temperature was 4000 K and the CRI approached 
80 Ra at 400 watts, 150 Torr and 7 mm bore size. Under 
these conditions the voltage was about 100 volts and 
the original salt pool 18 was about 900° C, 

WORKING EXAMPLE 5 

[0045] A series of arc tubes 100 and 200 containing 
the rare-earth chemistry described in Working Example 
1 was prepared. The tubes 14 had bore diameters that 
ranged from 6 mm to 9 mm and ail had an arc length of 
80 mm. The dose of the rare-earth and alkali halides 
was 40 mg and the tubes were xenon filled at 1 00, 150 
and 300 Torr. Half of the tubes 1 4 were vacuum jacketed 
22 to compare them to air cooling. Regression curves 
were generated to determine the effects of xenon pres- 
sure, bore, and operating position (vertical vs horizon- 
tal). The lamps 1 00 and 200 were run at 400 watts. The 
efficacy of the lamps increased monotonically with pow- 
er loadings from 1 0 to 45 watts/cm 2 reaching peak effi- 
cacies approaching 110 LPW for air cooled samples. 
The vacuum jacketed lamps 200 were nominally 15% 
more efficient than the air cooled lamps at the low power 
loadings (up to 25 watts/cm 2 ) but their efficacies started 
to roll over at about 20 watts/cm 2 . This corresponds to 



a wall temperature above 1 000° C. Air cooled lamps that 
can operate at much higher power loadings at the same 
temperatures (due to gas conduction and free convec- 
tion cooling) achieved higher efficacies. 
5 [0046] While there have been shown and described 
what are at present considered the preferred embodi- 
ments of the invention, it will be apparent to those skilled 
in the art that various changes and modifications can be 
made herein without departing from the scope of the in- 
fo vention as defined by the appended claims. 



Claims 

15 1- A metal halide arc discharge lamp comprising an 
arc tube of pre-defined diameter, comprising first 
and second electrodes at opposite ends of said arc 
tube separated by a pre-defined length, said tube 
being sealed at said opposite ends to confine an arc 

20 generating and sustaining medium, said medium 
being essentially mercury-free and scandium iodide 
free and comprising a mixture of alkali metal hali- 
des, rare earth halides and an inert buffer gas. 

25 2. A metal halide arc discharge lamp comprising: 



a) an arc tube of pre-defined diameter, compris- 
ing first and second electrodes at opposite ends 
of said arc tube separated by a pre-defined 
length, said tube sealed at said opposite ends 
to confine an arc generating and sustaining me- 
dium, said medium being essentially mercury- 
free and comprising a mixture of alkali metal 
halides, rare earth halides and an Inert buffer 
gas; 
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b) an outer sealed glass envelope surrounding 
said arc tube comprising first and second ter- 
minals for electrical connection thereto; 

c) a first electrical connector coupling said first 
electrode to said first terminal; and 

d) a second electrical connector coupling said 
second electrode to said second terminal. 

The discharge lamp as recited in claim 1 , wherein 
said rare earth halides comprise halides from ele- 
ments of atomic numbers 57 through and including 
71 and 81 and mixtures thereof. 

The discharge lamp as recited in claim 3, wherein 
said rare earth elements comprise dysprosium, hol- 
mium, thulium, and thallium and mixtures thereof. 

The discharge lamp as recited in claim 1 , wherein 
said alkali metal halides comprise halides of sodi- 
um, lithium, cesium, and mixtures thereof . 
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6. The discharge lamp as recited in claim 1 , wherein 
said halides are bromide and iodide salts. 

7. The discharge lamp as recited In claim 1 , wherein 
said inert buffer gas comprises xenon, argon, and 5 
krypton and mixtures thereof. 

8. The discharge lamp as recited in claim 6, wherein 
said inert gas is pressurized to between about 50 

to about 500 Torr. 10 

9. The discharge lamp as recited in claim 1, wherein 
said alkali metal halides comprise sodium iodide 
and said rare earth halides comprise dysprosium io- 
dide, holmium iodide, thulium iodide, and thallium ^ 
iodide in the molar ratio of 6:1:1 :1 :0.76 respectively 

10. The discharge lamp as recited in claim 1, said arc 
tube medium further comprises a gettering agent. 

20 

11. The discharge lamp as recited in claim 10, wherein 
said gettering agent comprises indium, zinc or 
scandium metal chips, 

12. The discharge lamp as recited in claim 1, wherein 25 
the ratio of said length to said diameter is about 5: 

1 to about 15:1. 

13. The discharge lamp as recited in claim 1, wherein 
said arc tube comprises of glass selected from the 30 
group consisting of fused silica quartz, borated sil- 
ica and polycrystalline alumina. 

14. The discharge lamp as recited in claim 2, wherein 
said sealed glass envelope is evacuated. 35 

15. The discharge lamp as recited in claim 2, wherein 
said sealed glass envelope contains an atmos- 
phere selected from the group consisting of dried 

air, nitrogen, helium, argon, xenon, krypton and 40 
mixtures thereof. 

16. A method of generating actinic radiation using the 
discharge lamp recited in claim 1 , comprising the 
step of supplying sufficient amperage to said elec- 45 
trical connectors to maintain a cold spot tempera- 
ture between 900 and 1100° C in order to generate 

an emission having a color temperature of between 
about 3800 and 4300 K, a color rendering index of 
greater than 80, and an efficacy of greater than 90 so 
lumens per watt. 

17. The discharge lamp as recited in claim 2, wherein 
said rare earth halides comprise halides from ele- 
ments of atomic numbers 57 through and including 55 
71 and 81 and mixtures thereof. 
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